and Mehlich 1 (0.05 mol/L HCl and 0.00625 mol/L H 2 SO 4 ) (Mehlich 1953) , and the chelates, such as DTPA and EDTA (Lindsay and Norvell 1978) . The extraction principles of the methods vary greatly. Acid extractants are based on lowering the pH and the consequent solubilization of some compounds containing these elements. In turn, chelating extractants, have the capacity of reducing the activity of dissolved metals, resulting in release of more soluble compounds in buffered pH (Motta et al. 2007 ). The present work is an attempt to evaluate the extractable content of Zn and Cu in soils of a few selected long-term experiments in India. The efficiency of extractants like AB-DTPA, Mehlich 3 and 0.1 mol/L HCl for predicting extractable zinc and copper in soils was also evaluated. DTPA being the most commonly used extractant was used for comparison.
MATERIAL AND METHODS
Soils used. Soil samples were collected from 12 selected long-term experimental sites in India covering 7 agro-ecological zones (Table 1) . Experimental design followed at each site was randomized block design with 4 treatments viz., control (T1); 100% NPK (T2); 50% NPK + 50% N through FYM (T3) and an uncultivated fallow (T4), each having 3 replications (the notation NPK refers to the dose of nitrogen, phosphorus and potassium recommended for the specific crop and region). The soil samples were collected depth-wise (0-15, 15-30 and 30-45 cm) from the specific longterm experiments after harvesting of one crop and before sowing/transplanting of subsequent crop. Some important physico-chemical properties of soil like pH, organic carbon, textural class, CaCO 3 content, etc. were analyzed following the standard protocols. Mechanical analysis of the soil was done using the Bouyoucos hydrometer method as described by Black (1965) . Organic carbon was determined by wet digestion method of Walkley and Black (1934) as described by Jackson (1973) . CaCO 3 content was determined by rapid titration method as described by Black (1965) . Amorphous Fe and Mn were extracted using the ammonium oxalate-oxalic acid extraction method (McKeague and Day 1966) . Estimation of Zn and Cu was done using four different extractants (Table 2) and their concentration was measured in atomic absorption spectrophotometer (GBC Avanta-Model No. 912, Victoria, Australia). Concentrations of standard samples taken were of 0.5, 1.0, 2.5, 5.0 mg/kg.
Statistical analysis was performed by the latest version of CPCS-1 (Steel and Torrie 1980) for analysis of variance (ANOVA) to determine the statistical significance of treatments. They were also subjected to analysis of correlation (Gomez and Gomez 1984) through the requisite statistical computations to predict the cause and effect relationship of various extractants. 
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RESULTS AND DISCUSSION
The different treatments under consideration had a significant effect on the content of extractable Zn and Cu. The highest content of Zn and Cu was recorded in soils under NPK + FYM treatment which was significantly higher than the rest of treatments. Almost comparable or higher content of Zn and Cu in fallow soil was due to high organic carbon content in soils of most of the sites. Continuous cultivation and balanced application of nutrients also resulted in the increase in available status of Zn and Cu. This may be due to the mobilization of the micronutrient cations from native source. None of the soils showed any deficiency of Zn and Cu.
The Mehlich 3 solution demonstrated a greater capacity of extraction of Zn and Cu in comparison to the other extractants, which is in agreement with De Abreu et al. (1996) . Soils of almost all the sites were found to have extractable contents of Zn and Cu above the critical range which shows that they were not deficient in the given micronutrient cations. Regardless of the extractants taken, overall, soils under the experiment at Mohanpur were found to have the highest content of extractable Zn and Cu while Bhubaneswar and Varanasi were found to have the lowest content of Zn and Cu respectively even though no visible deficiency was encountered.
The acid reagents and chelating agents such as EDTA, higher amounts of micronutrients are extracted by the Mehlich 3 solution than by the DTPA-TEA (Vidal-Vázquez et al. 2005) and by diluted acids (e.g. Mehlich 1 and HCl) (De Abreu et al. 2002) . The presence of the NH 4 + ion in Mehlich 3 renders it able to displace exchangeable cations (Fernandez-Marcos et al. 1998 ). Dilute acid solutions like 0.1 mol/L HCl may only partially solubilize (Junus and Cox 1987 , Sims and Johnson 1991 , Haddad and Evans 1993 , Borkert et al. 1998 ). The amount of Zn extracted by the four extractants showed a significant positive correlation with organic C, but negative correlations with pH and CaCO 3 content of the soils. This indicates that the extractable Zn content of the soils would increase with increasing organic C and decrease with increasing soil pH. The Mehlich 3-extractable Zn, unlike others, showed a significant positive correlation with the content of amorphous Fe oxide of soils. This indicated that Mehlich 3 was able to extract Zn bound to the amorphous iron oxides. All other correlations were found to be non-significant. T1 -control; T2 -100% NPK; T3 -50% NPK + 50% N through farm yard manure; T4 -fallow Vol. 61, 2015, No. 5: 227-233 Plant Soil Environ. positive correlation with amorphous oxides of Fe and Al, and also the clay content of the soil which clearly indicates that Mehlich 3 and 0.1 mol/L HCl were able to extract Zn bound to the amorphous iron and aluminium oxides. All other correlations were found to be non-significant. Dynamics within different forms of extractable Cu. All forms of extractable Cu were found to be highly and significantly correlated with each other indicating that they could extract Cu from more or less similar pools of soils. Mehlich 3-Cu and 0.1 mol/L HCl-Cu showed the highest correlation coefficient (0.914**); while DTPA-Cu and Mehlich 3-Cu showed the least (0.539**).
In conclusion it may be stated that the various treatments taken for the study had a significantly different effect on the extractable content of Zn and Cu in soils. T3 (NPK + FYM) was found to be the most effective treatment in terms of increased content of Zn and Cu in soils. The fallow soils owing to their high organic carbon content had almost comparable values of extractable Zn and Cu. A dynamic equilibrium was found to exist among the extractable forms of all the cationic micronutrients, which is testimony to the fact that they were able to extract the said micronutrients from almost same pools. The overall extractability of the different extractants regardless of the experimental sites for all the cationic micronutrients may be ranked in the order: Mehlich 3 > 0.1 mol/L HCl > AB-DTPA > DTPA. 
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